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Introduction

Pyrimidines, pyrimidinones and their derivatives are diazin 
heterocyclic compounds with important biological activ-
ity and pharmacological properties as effective bacteri-
cide and fungicide [1–3]. Pyrimido[4,5-b][1,4]benzothia-
zines are an important class of fused heterocycles which 
have been described as being antiviral [4–9], antifungal 
[10] and enzyme inhibitor [11] agent. It is well known 
that mammalian lipoxygenases comprise a family of non-
heme iron-containing enzymes which catalyze the stere-
ospecific oxygenation of the 5-, 12- or 15-carbon atoms 
of arachidonic acid [12–14], oxidation of polyunsaturated 
fatty acids and esters to hydroperoxy derivatives [15]. 
Among the mammalian lipoxygenase, 15-lipoxygenase 
(15-LO) is an attractive target for therapeutic intervention 
[16]. 15-lipoxygenase was implicated in the progression 
of some cancers [17, 18] and chronic obstructive pulmo-
nary disease [19–21]. There is evidence for the inhibition 
of 15-LO in the vascular disease treatment, however most 
compelling [22, 23].

Also we are interested in heterocyclic chemistry [24–31] 
and more focused on nitrogen heterocycles such as pyrimi-
dine [32, 33] and 1,2,4-triazines [34]. There are two main 
important concepts in heterocyclic chemistry, tautomerism 
and regioselectivity.

Tautomers are constitutional isomers of organic com-
pounds that readily interconvert with each other. Tautomer-
ism can play an important role in non-canonical base pair-
ing in DNA and especially RNA molecules [35].

Regioselectivity is the preference of one direction of 
chemical bond making or breaking of over all other pos-
sible directions [36]. As a matter of fact in heterocyclic 
chemistry, often the generation of a preferential tautomer 
leads to regioselectivity [37].
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regioselectivity in pyrimido[4,5-b][1,4]benzothiazine syn-
thesis has been modeled using density functional theory 
method at M06/6-311++G** level. Also the tautomer-
ism of all four tautomers of 6-ethyl-2-thio(1H) pyrimi-
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In solutions in which tautomerization is possible, a 
chemical equilibrium of the tautomers will be reached. The 
exact ratio of the tautomers depends on several factors, 
including temperature, solvent and pH [38]. However, the 
ultimate solution for the unprecedented regioselectivity is 
X-ray crystallography [39].

The computational methods have also been found reli-
able in this context [40–43], while ago, we computation-
ally studied the tautomerism in 6-substituted, 1,2,4-tri-
azine-3-thion-5-one [42]. Recently, we have studied 
the base of regioselectivity in Sonogashira synthesis of 
6-(4-nitrobenzyl)-2-phenylthiazolo[3,2-b]1,2,4-triazole 
[44].

Very recently, we justified regioselectivity in our cata-
lytic synthesis of 1,2,3-triazoles, via click reaction based 

on computational method [45]. In this context, we reviewed 
computational studies on the regioselectivity of metal-cat-
alyzed synthesis of 1,2,3 triazoles via click reaction [46].

Armed with these experiences, herein, we wish to reveal 
our computational study results on the regioselectivity of 
the synthesis of pyrimido[4,5-b][1,4]benzothiazines.

The reaction pathway is illustrated in Fig.  1. In this 
scheme, our key step is conversion of compound 5 to com-
pound 6. As a matter of fact, the formation of our target 
depends on whether which chlorine atom is replaced by 
aminothiophenol. Basically, the nucleophilic substitution 
should happen at 2-position more readily than 4-position. 
However, by elucidation of structure of pyrimido[4,5-b]
[1,4]benzothiazines 8 it is obvious that chlorine group in 
4 position has been replaced selectively. The base of this 

O

O

O

Thiourea
HN

H
N OS

ClCH2COOH
HN

H
N OO

Br2,H2O

HN

H
N OO

POCl3

N

N

Br

Br

Cl Cl

1,2-Aminothiophenol,CHCH3

N

N

Br

Cl S

NH2

EtOH,R'2NH
N

N

Br

R'2N S

NH2

N

N

N
H

SR'2N

CH3CN,NaNH2

1 2 3 4

5 6 7

8

1

3

1

2
3

4

5
6

2 4

5
6

1

2
3

4

5
6

1

2
3

4

13

5

6
7

9
10

11
1214

8

15

CH2CH3 CH2CH3 CH2CH3 CH2CH3

CH2CH3CH2CH3CH2CH3

CH2CH3

Fig. 1   Schematic representation profile of pyrimido[4,5][1,4]benzothiazines synthesis
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selectivity should be looked for in the tautomerism of 
2-thio-4-pyrimidone 2. This molecule has four possible 
tautomers that are caused by prototropism (proton migra-
tion), as shown in Fig. 2.

In this research, our attention focuses on mechanis-
tic aspects to achieve a complete understanding on the 
molecular scale: (1) study on tautomerism of all four 
6-ethyl-2-thio(1H) pyrimidin-(3H)-4-one isomers to extend 
our knowledge of the tautomeric equilibrium of pyrimi-
dines; (2) computationally investigate the important rea-
sons for the experimentally observed regioselectivity in 
pyrimido[4,5-b][1,4]benzothiazines synthesis from the 
kinetic and thermodynamic point of view; (3) study of sol-
vent effect on tautomerism, reaction mechanism and cal-
culation of thermodynamic functions. It is noticeable that, 
despite of pyrimidines importance from pharmacologi-
cal applications and synthetic point of view, few theoreti-
cal studies [49, 50] in this field have been reported. From 
the computational point of view, accurate information on 
the structural details and energetic for this synthesis could 
be an important aspect of addressing the regioselectivity 
challenge which leads to either kinetic or thermodynamic 
effects.

Computational details

Ab initio calculations

The geometries and energy of all reactants, intermediates, 
different tautomers of 6-ethyl-2-thio(1H) pyrimidin-(3H)-
4-one, transition states and products through the reac-
tion path using density functional theory (DFT) [47] with 
no symmetry constrains have been calculated. The stand-
ard 6-311++G** basis set with M06 functional has been 
introduced as a hybrid meta-GGA (generalized gradient 

approximation) exchange correlation functional which 
was recommended for organometallic and inorganometal-
lic thermochemistry, kinetic investigations, transition state 
and non-covalent interactions [48]. The QST3 procedure 
has been used to search for transition states. Intrinsic reac-
tion coordinate (IRC) calculations [49] were employed 
to ensure the identity of the reactants and products corre-
sponding to each transition structure. Vibrational analyses 
were performed on all optimized structures with the same 
functional and basis set as the corresponding geometry 
optimizations. In addition, the thermodynamic properties 
of all compounds were obtained from frequency calcula-
tions at 298.15 K and 1.0 atmosphere pressure. All reported 
enthalpies were zero-point (ZPE) corrected with unscaled 
frequencies. The solvent effects on the conformational 
equilibrium to evaluate the effects of solvent and contri-
bution to the total enthalpy were investigated with using 
polarized continuum (overlapping spheres) model (PCM) 
of Tomasi and coworkers [50]. Solvation calculations were 
carried out for chloroform, DMSO, ethanol with the geom-
etries optimization for these solvents. All calculations were 
performed using the Gaussian 98 [51] software.

Calculation of thermodynamic functions

Thermodynamic functions have been calculated from the 
following equations. Total enthalpies of the studied species 
X, H(X), at the temperature T are usually estimated from 
Eq. 1 [52, 53].

where E0 is the calculated total electronic energy, ZPE 
stands for zero-point energy, Etrans, Erot, Evib are the trans-
lational, rotational and vibrational contributions to the 
enthalpy, respectively. Finally, RT represents PV work term 
and is added to convert the energy to enthalpy.

(1)H(X) = E0 + ZPE+ Etrans + Erot + Evib + RT

HN

H
N OS

CH2CH3

HN

NS

CH2CH3

OH

N

N OHHS

CH2CH3

N

H
N OHS

CH2CH3

A DCB

1

2

3

4

5
6

Fig. 2   Possible tautomeric structures of 6-ethyl-2-thio(1H) pyrimidin-(3H)-4-one (Compound 2), obtained by disposition of the double bonds
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The standard enthalpy change of the reaction (�H
◦
reac) is 

given as:

which is the total standard enthalpies of the studied species, 
at the temperature T estimated from Expression (1).

Similarly, �S
◦
reac could be obtained by

According to thermodynamic equation, 
∆G = ∆H − T∆S, the �G

◦
reac was calculated.

(2)�H
◦

reac = Hproduct − Hreactant

(3)�S
◦

reac = Sproduct − Sreactant

Results and discussion

According to Fig.  1, the synthesis of pyrimido[4,5-b][1,4]
benzothiazines started from 5-bromo-2,4-dichloro-6-ethyl-
pyrimidine (compound 5) which was prepared from inter-
mediate key molecule, compound 2 [54]. 6-ethyl-2-thio(1H) 
pyrimidin-(3H)-4-one (compound 2) has four possible tau-
tomers, as shown in Fig.  2, that the most stable tautomer 
contributes to the synthesis profile. So in the first step of this 
research the geometry and energy of different tautomers of 
6-ethyl-2-thio(1H) pyrimidin-(3H)-4-one are computationally 
investigated.

Geometry optimization of different tautomers 
of 6‑ethyl‑2‑thio(1H) pyrimidin‑(3H)‑4‑one and solvent 
effect

All four possible tautomers of 6-ethyl-2-thio(1H) pyrimi-
din-(3H)-4-one (A–D), which is presented in Fig. 2, were 
optimized in gas phase and in the different solvent using 
M06/6-311++G** method. The relative energies of these 
different tautomers are shown in Table  1. The calculated 
results show that A tautomer is the most stable tautomer in 

Table 1   Calculated relative stability energy of 6-ethyl-2-thio(1H) 
pyrimidin-(3H)-4-one tautomers in the gas and solution phase at 
M06/6311++G**

Different phase ΔE (kcal/mol)

A B C D

Gas 0 13.15 18.84 12.74

Chloroform 0 9.57 10.37 5.86

DMSO 0 12.61 19.31 14.94

Ethanol 0 10.86 20.54 17.64

Fig. 3   Presentation of optimized geometry as well as relative energy of different tautomers of 6-ethyl-2-thio(1H) pyrimidin-(3H)-4-one in the 
chloroform at M06/311++G**
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gas and in solution phase. Figure 3 presents the optimized 
geometry of all tautomers with relative stability energy in 
chloroform solvent. The stability order of different tautom-
ers in gas phase and chloroform is similar: A > D > B > C 
by 12.74, 13.15 and 18.84 kcal/mol in gas phase, and 5.86, 
9.57 and 10.37  kcal/mol in chloroform. But the stability 

order in DMSO and ethanol is A  >  B  >  D  >  C by about 
12.61, 14.94 and 19.31  kcal/mol and 10.86, 17.64 and 
2054 kcal/mol, respectively. As the results indicate, A tau-
tomer is the most stable and C tautomer is the least stable 
tautomer in all phases. The stability of A tautomer could 
be caused by cross-conjugation of nitrogen lone pair on 

Fig. 4   Delocalization of N1 
and N3 lone pairs leads to 
the contribution of different 
resonance forms in tautomer of 
6-ethyl-2-thio(1H) pyrimidin-
(3H)-4-one
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N1 and N3 atoms which lead to three different resonance 
forms, as shown in Fig. 4 while in the D tautomer delocali-
zation of the N3 lone pair toward C2=N1 or C4=O double 
bonds results in the contribution of the resonance structures 
RS-4 or RS-5, respectively. In addition, in B tautomer delo-
calization of the N1 lone pair toward C2=S double bond 
results resonance structures RS-6. The comparison between 
gas and solution phase indicates that a decrease in energy 
in all tautomers is occurred by changing from the gas phase 
to polar solvent. This trend refers to molecule with zwit-
terionic characteristic which makes it favorable to be dis-
solved in polar protic and aprotic solvents. For the polar 
protic solvent like DMSO and ethanol, the equilibrium 
electrostatic interaction between a solvent and solute is 
more attractive. Therefore, the inclusion of a term account-
ing for the interaction in the solute Hamiltonian caused an 
increase in the dipole moment of the solute molecule. But 
for an aprotic nonpolar solvent, net orientation/polariza-
tion induced in the solvent could result in the formation of 
a reaction field which affects the electronic structure and 
geometrical parameters of solute molecules. However, cav-
itation and dispersion energy terms approximately balance 

each other, and because of same order and having oppo-
site signs the main contribution of the stabilization of the 
molecules in solvent phase comes from the solute solvent 
polarization energy. Results of DFT calculation reveal like 
in the gas phase the A tautomer is the most stable tautomer 
in the all solvents, but by changing to more polar solvents 
stability order is changed: A > B > D > C. As Fig. 3 reveals, 
D tautomer has two resonance structures (RS-4 and RS-5) 
in which negative and positive charge lies on N1 and N3 
atoms in RS-4 and on O4 and N3 atoms in RS-5 structure, 
respectively. But B tautomer has one resonance structure 
RS-6 in that negative charge is resting on S2 atom. The big 
size of sulfur atom tolerates the negative charge more than 
O and N atoms; so RS-6 resonance structure is more sta-
bilized in the polar solvent. In addition, changing to more 
polar solvent the range of stability between most and least 
stable tautomers varies from ~10 to ~20  kcal/mol. Some 
selected optimized geometrical parameters of all tautom-
ers are summarized in Table 2. Because of conjugation of 
C=N, C=S, C=O and C=C double bonds with each other 
and with nitrogen lone pairs, shortening of some single 
bonds was observed. For example, N1–C2 (r12) bond length 

Table 2   Some optimized 
geometrical parameters of 
6-ethyl-2-thio(1H) pyrimidin-
(3H)-4-one tautomers at M06/6-
311++G**

Phase r12 r23 r34 r45 r56 r16 rco rcs Θ123 Θ234 Θ345

A

Gas 1.38 1.37 1.42 1.45 1.35 1.38 1.22 1.67 113.4 127.8 113.4

Chloroform 1.48 1.47 1.46 1.53 1.35 1.47 1.25 1.56 121.8 111.3 120.5

DMSO 1.37 1.36 1.42 1.45 1.35 1.38 1.22 1.66 113.4 127.7 113.4

Ethanol 1.37 1.36 1.42 1.45 1.35 1.38 1.22 1.67 113.4 127.7 113.4

B

Gas 1.4 1.36 1.32 1.42 1.37 1.36 1.34 1.67 116.1 119.6 125.3

Chloroform 1.47 1.47 1.28 1.53 1.35 1.47 1.43 1.57 121.1 120.1 119.5

DMSO 1.36 1.36 1.31 1.42 1.37 1.40 1.34 1.67 116.2 119.6 125.1

Ethanol 1.40 1.36 1.31 1.42 1.37 1.36 1.34 1.67 116.1 119.6 125.3

C

Gas 1.33 1.34 1.33 1.40 1.39 1.35 1.35 1.78 127.8 115.3 122.6

Chloroform 1.30 1.47 1.29 1.53 1.35 1.47 1.43 1.78 121.1 120.6 119.3

DMSO 1.33 1.34 1.33 1.40 1.39 1.35 1.35 1.78 127.8 115.3 122.6

Ethanol 1.33 1.33 1.33 1.40 1.39 1.35 1.35 1.78 127.8 115.3 122.6

D

Gas 1.30 1.36 1.42 1.45 1.37 1.38 1.22 1.78 123.8 123.3 111.7

Chloroform 1.31 1.48 1.47 1.53 1.34 1.47 1.26 1.78 122.4 111.6 119.5

DMSO 1.30 1.36 1.42 1.45 1.37 1.38 1.30 1.78 123.9 123.3 111.7

Ethanol 1.30 1.36 1.42 1.44 1.37 1.38 1.22 1.78 123.9 123.3 111.7
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in D (1.299 Å) and C (1.333 Å) is shorter than same bond 
in A (1.377 Å) and B (1.404 Å). In addition, the N3–C4 
(r34) bond length in B (1.313 Å) and C (1.329 Å) is shorter 
than similar bond length in A (1.419 Å) that shows dou-
ble-bond character. The same trends have been observed 

when comparing the other bonds with each other and D 
(1.425  Å). However, no experimental data of this prop-
erty for 6-ethyl-2-thio(1H) pyrimidin-(3H)-4-one molecule 
have been found in the literature in order to make possible 
comparison.

Fig. 5   Schematic diagram of 
two different paths in pyrim-
ido[4,5][1,4]benzothiazines 
synthesis
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Fig. 6   Energy profile of 
displacement of 4-chlorine 
atom with 2-aminothiophenol 
at 5-bromo-2,4-dichloro-
6-ethylpyrimidine in chloroform 
solvent (path 1)

Fig. 7   Energy profile of 
displacement of 2-chlorine 
atom with 2-aminothiophenol 
at 5-bromo-2,4-dichloro-
6-ethylpyrimidine in chloroform 
solvent (path 2)
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Reaction profile for synthesis of pyrimido[4,5][1,4]
benzothiazines

The reaction of 5-bromo-2,4-dichloro-6-ethyl pyrimi-
din (compound 5) with 2-amino thiophenol was selected 
and fully optimized as the model of pyrimido[4,5][1,4]
benzothiazines synthesis for DFT calculation. According 
to Fig. 5, two possible displacements of 4-chlorine atom 
(path 1) or 2-chlorine atom (path 2) with 2-aminothiophe-
nol are possible in chloroform at room temperature. The 
representative energy profile of both reaction paths is pre-
sented in Figs. 6 and 7. According to Fig. 5, the geometry 
of both transition states (TS1 and TS2) was constructed 
and fully optimized. The results of frequency calcula-
tion with one imaginary frequency confirm the transition 

state. Compounds 6 and 9 have been fully optimized as 
a product of 4-chlorine and 2-chlorine atom displace-
ment with 2-aminothiophenol, respectively. The resulting 
energy path renders an exothermic chemical reaction with 
an activation free energy of 45.05 and 39.70 kcal/mol in 
the gas phase and in chloroform, respectively, for reaction 
path 1. Despite reaction path 1, resulting energy profile of 
path II indicates an endothermic reaction with activation 
free energy of 42.41 and 37.0 kcal/mol in the gas phase 
and in chloroform solvent, respectively. Table 3 presents 
all the calculated thermodynamic functions for the reac-
tion. As the result indicates, however, ΔG≠ for reaction 
path 2 is about 3  kcal/mol less than reaction path 1 in 
gas and solution phase; but since ΔG° reaction to pro-
duce of compound 6 in path 1 is negative (−4.02  kcal/
mol) and for compound 9 in reaction path 2 is positive 
(+44.35  kcal/mol), therefore from thermochemical per-
spective, the reported results in Table 3 clearly proposed 
that compound 6 is more stabilized, and consequently, its 
production is more favorable than 9. It is worthwhile to 
note that this result has been observed previously for this 
synthesis [54].

The geometry of the transition states, TS1 and TS2, 
confirms by using IRC and QST3 procedure between reac-
tants and product. Some structural details of reactants, 
transition state and product are compared in Table 4. The 
C4–S distance in TS1 (1.53 Å) and C2–S distance in TS2 
(1.60 Å) indicate that the nucleophilic attack is a little more 
advanced in the present case. Furthermore, the distance 
between C4 and Cl atom increases (~2.65 Å) in the both 
transition states.

Further the new key intermediate, 2-(5-bromo-6-ethyl-
2-substituted-aminopyrimidin-4-ylthio) benzenamines 
(compound 7) were obtained by the reaction of compound 
6 with secondary amines in ethanol according to Fig.  1. 
Treatment of this intermediate with sodamide in acetoni-
trile solvent produces pyrimido[4,5-b][1,4]benzothiazines. 
The energy profile as well as optimized geometry of com-
pound 6, 7 and 8 as a final product (pyrimido[4,5-b][1,4]
benzothiazines) is presented in Fig. 8. Also from the ther-
mochemical view point the production of pyrimido[4,5-b]
[1,4]benzothiazine from compound 6 is exothermic and 
spontaneous. Since no X-ray data are available for the final 
product (pyrimido[4,5-b][1,4]benzothiazines), Table  5 
demonstrates some structural details of titled compound. 
To test the accuracy level of our calculations, the proton 
chemical shifts as well as IR spectra for compounds 6–8 
have been calculated.

NMR computations of absolute shieldings were per-
formed using the GIAO method [55] at the DFT opti-
mized structure in the presence of CDCl3 solvent. The 1H 

Table 3   Calculated thermodynamic functions during two proposed 
reaction paths displayed in Fig. 5 at M06/6-311++G** level of the-
ory in the gas phase and chloroform as solvent

Different phase ΔE° ΔH° ΔG° ΔS°

Path 1

Gas −5.77 −5.77 −3.25 −0.0085

Chloroform −6.40 −6.40 −4.02 −0.0079

Path 2

Gas −4.41 −4.41 −2.02 −0.0082

Chloroform 41.95 41.95 44.35 −0.0082

Table 4   Presentation of some structural details of reactant (com-
pound 5), transition states and product according to two proposed 
reaction paths displayed in Fig. 5 at M06/6-311++G** level of the-
ory in chloroform as solvent

Connected atoms 5 TS1 TS2 6 9

Bond distance (Å)

C2–N3 1.33 1.30 1.46 1.32 1.48

N3–C4 1.32 1.50 1.76 1.33 1.30

C2–Cl 1.75 1.76 1.76 1.75 –

C4–Cl 1.74 1.76 1.76 – 1.76

C2–S – – 1.78 – 1.78

C4–S – 1.78 – 1.79 –

Bond angle (°)

N3–C4–Cl 116.26 106.82 121.56 – 120.33

N3–C4–C5 122.38 112.91 116.92 120.61 119.35

C2–N3–C4 115.73 119.39 117.13 116.07 120.65

Cl–C2–N3 115.84 122.72 121.56 115.60 –

Dihedral angle (°)

Cl–C2–N3–C4 179.76 140.62 73.95 179.72 –

Cl–C4–N3–C2 179.94 98.36 134.60 – 180.00
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chemical shifts were calculated by using the correspond-
ing absolute shieldings calculated for Me4Si at the same 
level of theory (Table  6). The good agreement between 

experimental and theoretical chemical shifts shows the reli-
ability of DFT calculations for these series of molecules. 
Further the IR spectra of optimized structure of compound 
6,7 and 8 at the M06/6-311++G** level are calculated. 
The comparison of theoretical and experimental N–H 
stretches (Table 7) shows good agreement between them.

Fig. 8   A comparative illustration for the enthalpy and free energy 
changes during the regioselective synthesis shown in Fig.  1, calcu-
lated at M06/6-311++G** level of theory in solution phase. The 

corresponding values of the reaction Gibbs free energy changes have 
been given in parenthesis

Table 5   Some optimized geometrical parameters of pyrimido[4,5-b]
[1,4]benzothiazines (compound 8) at M06/6-311++G**

Connected atom 8

Bond distance (Å)

N1–C2 1.35

C2–N3 1.34

C2–N15 1.36

C13–S 1.78

C4–N5 1.4

N5–C6 1.4

S–C11 1.79

Bond angle (°)

N1–C2–N3 125.42

N3–C4–C13 123.55

C13–S–C11 100.33

Dihedral angle (°)

N1–C2–N3–C4 −1.57

S–C13–C4–N5 −0.15

Table 6   Comparison between some experimental chemical shifts 
(ppm) according to Ref. [28] with calculated results for compounds 
6–8

1HNMR Chemical shift Experimental Theoretical

Compound 6

H(CH2) 2.91 3.10

H(NH2) 4.72 4.75

H(aromatic) 6.7–7.5 6.5–7.7

Compound 7

H(NH2) 4.22 4.35

H(aromatic) 6.51–7.42 6.61–7.43

Compound 8

H(CH2) 2.71 2.81

H(aromatic) 6.7–7.6 6.75–7.7

H(NH) 8.40 8.51
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Conclusion

In the present research, We demonstrate the thermody-
namical and kinetic study of pyrimido[4,5-b][1,4]benzo-
thiazine synthesis using DFT computational method. In 
the first step, a systematic study in tautomerism of 6-ethyl-
2-thio(1H) pyrimidin-(3H)-4-one in the gas phase, chlo-
roform, ethanol and DMSO solvent as a key intermediate 
molecule in synthesis of the final product has undertaken. 
Further our calculated reaction enthalpies and free ener-
gies in gas and solution phase indicate this fact that the 
production of compound 6 through the reaction path is 
thermodynamically more favorable than its regioisomer 9. 
Also from the thermochemical point of view the produc-
tion of pyrimido[4,5-b][1,4]benzothiazine from compound 
6 is exothermic and spontaneous. The validation of our 
calculated structural and energetic properties of the above-
mentioned compound was represented by comparison with 
the available NMR and IR spectra data that demonstrated 
a reliable agreement. The present computational studies 
provide comprehensive understanding on the pyrimido[4,5-
b][1,4]benzothiazines synthesis mechanisms as a potent 
15-lipoxygenase inhibitor and the annuloselectivity and 
even guide the future applications of pyrimidin in design of 
new synthetic strategies for heterocyclic compounds.
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